


















































































































































! ! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!18!




(df=89,!R2=!R0.0099,!p=!0.735)!!!!! ! ! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!21





2012.!!!! ! ! ! ! ! ! ! ! ! !!!!!!!!22!
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1! !Annapolis!Royal! 27! 12! 4! 0.239! 0.0156! 0.897!
2! !Caledonia! 20! 8! 1! 0.305! 0.0147! 0.837!
3! !Mill!Village! 69! 14! 6! 0.233! 0.0128! 0.824!
4! !New!Russell! 13! 7! 1! 0.392! 0.0135! 0.885!
5! !Martock! 29! 6! 0! 0.317! 0.012! 0.741!
6! Center!Rawdon! 23! 8! 0! 0.327! 0.0168! 0.854!
7! Upper!Rawdon! 24! 9! 1! 0.336! 0.0162! 0.851!
8! !Renfrew! 28! 8! 1! 0.293! 0.0141! 0.77!
9! !Waverley! 19! 10! 1! 0.338! 0.0162! 0.93!




18! 8! 2! 0.246! 0.011! 0.64!
12! !Tatamagouche! 86! 12! 3! 0.208! 0.0136! 0.775!
13! Earltown! 13! 4! 0! 0.347! 0.0131! 0.603!
14! !Antigonish! 30! 12! 7! 0.288! 0.0198! 0.917!

























































































































































































































































































































AR& AN& CA& EA& MA& MI& MV& NR& RC& RH& RE& TT& WA& WC&
AR& ! 295! 48! 86! 112! 86! 169! 88! 139! 150! 153! 211! 154! 178!
AN& ! ! 271! 86! 181! 264! 140! 210! 157! 150! 145! 100! 155! 140!
CA& ! ! ! 200! 93.5! 43! 136! 66! 122! 126! 130! 203! 123! 145!
EA& ! ! ! ! 211! 200! 101! 136! 77! 73! 74! 72! 94! 95!
MA& ! ! ! ! ! 97! 68! 28! 27! 33! 42! 108! 50! 76!
MI& ! ! ! ! & ! 118! 71! 118! 123! 123! 204! 110! 127!
MV& ! ! ! ! ! ! ! 83! 53! 49! 38! 113! 16! 10!
NR& ! ! ! ! ! ! & ! 57! 61! 69! 137! 68! 95!
RC& ! ! ! ! & & ! & ! 6! 17! 86! 36! 59!
RH& ! ! ! ! & & ! & & ! 12! 83! 34! 55!
RE& ! & ! ! ! ! ! ! ! ! ! 83! 25! 42!
TT& ! ! ! ! ! ! ! ! ! ! ! ! 166! 110!
































K& 2& 3& 4& 5& 6& 7& 8& 9& 10& 11& 12& 13&
FSC& 0.10& 0.09! 0.06! 0.03! 0.02! 0.02! 0.01! U0.01! U0.01! U0.02! U0.02! U0.03!
FST& 0.25& 0.22! 0.16! 0.14! 0.13! 0.13! 0.13! 0.12! 0.12! 0.12! 0.12! 0.12!
FCT& 0.17& 0.14! 0.11! 0.11! 0.11! 0.12! 0.12! 0.13! 0.13! 0.13! 0.13! 0.14!
!
SAMOVA analysis resulted in the highest FCT value at K=2 indicating that the 
sampled individuals represent, at most, 2 genetically distinct populations. The first was 
composed of the individuals sampled at West Chezzetcook, and the second included all 






















Colony& n" A& Ho& He&
1! Annapolis!Royal! 28! 10.6! 0.683& 0.814&
2! Caledonia! 21! 9.6! 0.697& 0.811!
3! Mill!Village! 68! 14.0! 0.701& 0.815!
4! New!Russell! 14! 7.9! 0.646& 0.821!
5! Martock! 56! 12.9! 0.723& 0.821!
6! Center!Rawdon! 44! 12.8! 0.699& 0.812&
7! Upper!Rawdon! 37& 12.5& 0.733& 0.803&
8! Renfrew! 25! 9.4! 0.727& 0.814!
9! Waverley! 19! 6.2! 0.670& 0.794!
10! Mineville! 26! 7.3! 0.619& 0.707!
11! West!Chezzetcook! 18! 7.3! 0.715& 0.808!
12! Tatamagouche! 87! 13.9! 0.741! 0.823&
13! Earltown! 13! 7.6! 0.770& 0.800!












!! Fit& Fis& Fst&
Global& 0.1227! 0.1197! 0.0034!




































































































Annapolis!Royal! 0.008! 0.018! 0.70!
Caledonia! 0.033! 0.018! 0.22!
Mill!Village! 0.001& 0.018& 0.95&
New!Russell! -0.007! 0.017! 0.81!
Martock! 0.016! 0.018! 0.55!
Center!Rawdon! 0.028! 0.018! 0.24!
Upper!Rawdon! 0.037& 0.018& 0.10&
Renfrew& 0.067& 0.017& 0.01&
Waverley! 0.036& 0.018& 0.21&
Mineville& 0.054& 0.019& 0.05&
West!Chezzetcook! 0.049! 0.019! 0.11!
Tatamagouche& 0.015& 0.018& 0.63&
Earltown! 0.035! 0.018! 0.29!
Antigonish! 0.008! 0.018! 0.74!
Average& 0.027& 0.018& 0.01&
&
&
&
&
&
&
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Discussion2
! In!spite!of!a!high!degree!of!dispersal!ability,!weak!but!significant!population!
level!genetic!structure!at!maternity!colony!levels!was!observed!across!mainland!
Nova!Scotia,!using!molecular!markers,!this!can!provide!insight!into!the!life!history!of!
little!brown!bats.!Mitochondrial!DNA!hypervariable!region!II!had!a!higher!degree!of!
structuring!than!nuclear!DNA!microsatellite!markers!(Table!6)!supporting!the!
prediction!that!colonies!may!be!structured!by!a!propensity!for!females!to!be!
philopatric!and!male!dispersal.!In!mammals,!it!is!a!common!trait!for!females!to!
remain!within!their!natal!colony!while!males!will!disperse!(Greenwood!1980).!!The!
low!nuclear!structure!found!between!maternity!colonies!indicates!a!high!level!of!
nuclear!gene!flow!between!colonies;!this!could!be!due!to!mating!at!swarming!sites.!
Little!brown!bats!are!capable!of!longUdistance!sustained!flight,!mark!recapture!
studies!have!found!median!distances!between!summering!roosts!as!well!as!between!
summering!roosts!and!hibernacula!to!be!greater!than!400!kilometers!(Norquay!et'al.!
2013).!The!distance!between!maternity!colonies!sampled!in!mainland!Nova!Scotia!
ranged!between!7!and!295!kilometers!(Table!3),!therefore!the!distance!between!
colonies!is!not!large!proportional!to!the!potential!for!bat!movement.!!
Global!mitochondrial!FST!values!among!maternity!roosts!in!mainland!Nova!
Scotia!were!higher!than!those!of!a!similar!study!conducted!in!the!midwestern!United!
States!using!Cytochrome!b!markers!(Dixon!2011).!However,!population!level!
structure!is!expected!to!be!correlated!with!molecular!marker!substitution!rates.!
Markers!with!low!substitution!rate!are!most!often!used!for!species!identification,!
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cytochrome!b!is!a!proteinUcoding!gene;!therefore!substitutions!in!this!region!are!less!
frequent!than!in!a!nonUcoding!region!due!to!selection!pressure.!The!control!region!
includes!sections!of!highly!polymorphic!hypervariable!DNA!and!is!hypothesized!to!
be!responsible!for!control!of!transcription!and!replication.!It!often!includes!a!section!
of!known!short!tandem!repeats!that!are!conserved!in!position!across!mammalian!
species,!which!are!thought!to!be!involved!in!the!termination!of!transcription!(Lunt!et'
al.!1998).!The!global!FST!value!of!0.114!(p<0.001)!using!the!hypervariable!region!II!
found!in!this!study!is!lower!than!the!FST!value!found!in!the!Bechstein’s!bat!of!0.68!(p!
<!0.001)!using!mitochondrial!control!region!R1!repeat!copy!number!(Kerth!&!Mayer!
2000).!The!mitochondrial!control!region!R1!has!less!variation!than!the!
hypervariable!region;!therefore!we!expect!to!see!a!lower!degree!of!structure!using!
this!marker.!The!high!degree!of!structure!at!Bechstein’s!bat!maternity!colonies!
corresponds!to!the!closed!groups!observed!during!observational!studies,!where!no!
movement!between!groups!have!been!recorded!over!a!threeUyear!period!(Kerth!&!
Mayer!2000).!A!population!genetic!structure!study!of!big!brown!bat!(Eptesicus'
fuscus)'females!roosting!in!buildings!spanning!two!states,!found!that!while!some!
females!are!philopatric,!all!colonies!sampled!were!formed!of!between!5U15!
matrilines!and!that!female!dispersal!between!colonies!was!a!main!factor!in!
population!level!structuring!(Vonhof!et'al.!2008).!We!can!see!a!varying!level!of!
philopatry!and!female!dispersal!found!between!bat!species!using!molecular!
techniques.!
Pairwise!mitochondrial!FST!values!for!all!colonies!sampled!in!mainland!Nova!
Scotia!ranged!from!0!to!0.38!(Table!2).!!Low!FST!values!are!an!indication!that!within!
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group!variation!is!consistent!with!populationUwide!variation,!suggesting!no!genetic!
structure.!FST!values!tend!to!be!low!when!groups!exchange!members.!In!this!study,!
65!of!91!pairwise!comparisons!were!not!significantly!different!from!0!suggesting!
that!individuals!from!these!roosts!were!genetically!similar!to!each!other.!When!FST!
values!are!high,!it!is!an!indication!of!genetic!differentiation!between!groups.!!This!
can!occur!when!individuals!are!philopatric!to!their!natal!colonies!and!are!sampled!
within!these!groups.!The!remaining!26!mitochondrial!DNA!pairwise!comparisons!
were!significantly!different!from!0!(Table!2),!suggesting!that!female!dispersal!from!
these!colonies!is!low.!!!
If!the!main!reason!for!genetic!differentiation!of!colonies!were!geographic!
distance,!I!would!expect!that!genetic!differentiation!among!colonies!would!be!
proportional!to!geographic!distance!between!them.!This!was!not!the!pattern!
observed!across!mainland!Nova!Scotia!(Figures!2&!3).!However,!as!discussed!earlier,!
bats!are!capable!of!longUdistance!sustained!flight!(Norquay!et'al.!2013)!and!the!
geographic!distances!between!colonies!are!not!large!relative!to!the!potential!
movement!distances!of!the!bats.!!
Global!nuclear!FST!was!much!lower!at!0.0034!(p=0.0014,!Table!6)!than!
mitochondrial!DNA!at!0.114!(p!<!0.001),!yet!still!significantly!different!from!zero.!If!
some!females!are!coming!back!to!the!same!colony!each!year,!this!may!explain!the!
low!level!of!nuclear!structure!found!at!maternity!colonies.!As!nuclear!DNA!
microsatellites!are!biUparentally!inherited!they!are!most!useful!for!studies!of!
population!history!and!parentage.!Pairwise!nuclear!DNA!FST!ranged!from!0!to!0.014!
(Table!2),!with!none!being!significantly!different!from!zero!after!Bonferoni!
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correction.!!This!indicates!that!nuclear!gene!flow!remains!high!between!these!
colonies.!Research!suggests!that!when!FST!values!are!greater!than!0.05,!a!sample!size!
of!20!individuals!from!each!population!is!sufficient,!yet!when!FST!is!lower!(0.01),!
sample!size!must!increase!to!100!individuals!to!detect!genetic!structuring!accurately!
below!this!level!(Kalinowski!2004).!!However,!it!is!unlikely!that!the!differentiation!of!
an!FST!value!of!0.01!or!lower!would!be!biologically!meaningful.!With!our!sample!size,!
ranging!from!13U92!individuals!per!colony,!weak!nuclear!structure!was!found!
(Global!FST=0.0034,!p=0.0014),!indicating!that!nuclear!gene!flow!is!high!between!all!
colonies;!therefore!increasing!sample!size!to!infer!a!lower!FST!value!would!not!be!
beneficial.!!
For!each!colony,!observed!nuclear!DNA!heterozygosity!was!3U17%!lower!
than!expected!(Table!5),!resulting!in!a!high!FIS!value!(Table!6).!This!is!expected!when!
roosts!consist!of!maternal!relatives.!!One!study!of!the!greater!horseshoe!bat!
(Rhinolophus'ferrumequinum)!observed!pairwise!relatedness!values!for!some!pairs!
of!bats!within!maternity!roosts!to!range!between!0.17!to!0.62,!yet!the!remaining!
pairwise!value!were!close!to!0!for!other!pairs!(Rossiter!et'al.!2002).!This!suggests!
that!while!some!individuals!within!these!colonies!are!related,!many!matrilines!are!
roosting!together.!!!
Nuclear!genetic!clustering!analysis!for!my!study!suggests!that!M.'lucifugus!
females!on!mainland!Nova!Scotia!form!1U2!genetic!populations!(Figures!4!&!5)!
suggesting!there!is!nuclear!gene!flow!among!colonies.!This!could!be!a!result!of!
individuals!mating!at!hibernacula!where!individuals!come!together!from!many!
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summering!sites,!including!unrelated!males.!Arrival!at!the!hibernacula!and!
swarming!behavior!(mating)!begins!in!late!summer!(Fenton!1969).!In!Myotis'sodalis!
(the!Indiana!bat)!the!sexUratio!at!swarming!has!maleUbiased!activity!at!the!beginning!
and!the!end!of!this!period,!this!is!thought!to!be!due!to!males!mating!with!both!the!
early!and!late!arriving!females!(Cope!&!Humphrey!1977).!!
For!nuclear!genetic!flow!to!remain!high!between!maternity!colonies,!females!
from!a!colony!must!have!the!opportunity!to!mate!with!genetically!different!males.!
This!could!occur!if!individuals!mate!at!hibernacula!during!swarming,!where!
individuals!come!together!from!a!larger!geographic!range,!including!many!males!
from!many!different!areas!(Kerth!et'al.!2003).!!Little!brown!bats!follow!a!similar!
pattern!to!that!of!the!Indiana!bats,!where!males!arrive!before!females,!and!are!more!
active!in!the!early!swarming!period.!One!little!brown!bat!study!observed!mating!
activity!at!hibernacula!beginning!in!midU!to!lateUAugust,!yet!individuals!started!
arriving!at!the!site!as!early!as!July!(Thomas!et'al.!1979).!
Mitochondrial!DNA!cluster!analysis!separated!the!roost!sites!into!2!distinct!
populations!(Table!4)!based!on!genetic!composition!and!geographical!locations.!
Given!the!distribution!of!these!clusters,!one!containing!the18!individual!sampled!at!
West!Chezzetcook!and!the!second!being!all!remaining!individuals!it!is!unlikely!that!
this!is!a!true!representation!of!the!groups.!One!issue!with!the!program!used!for!this!
analysis!is!that!it!is!unable!to!calculate!the!likelihood!of!the!samples!representing!1!
genetic!cluster!of!individuals.!It!was!predicted!that!mitochondrial!DNA!structure!
would!infer!a!higher!level!of!clustering!than!nuclear!DNA;!each!one!may!correspond!
to!a!group!of!colonies,!and!therefore!separate!lineages.!!
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Weak!but!significant!population!genetic!structure!was!found!for!the!14!Myotis'
lucifugus!maternity!colonies!sampled!on!mainland!Nova!Scotia.!Mitochondrial!DNA!
structure!was!found!to!be!higher!than!nuclear!DNA!structure.!This!pattern!of!higher!
mtDNA!structure!than!nuclear!DNA!structure!is!consistent!with!other!mammalian!
species!that!exhibit!female!philopatry!and!male!dispersal.!For!mitochondrial!DNA!
structure!to!remain!high!between!colonies,!one!hypothesis!is!that!a!matrilines!must!
be!roosting!together!as!mitochondrial!DNA!is!maternally!inherited.!Relatedness!
analysis!supports!this!interpretation,!the!average!relatedness!value!within!all!
colonies!was!higher!than!expected!if!these!colonies!were!formed!by!chance,!as!well!
two!colonies,!Renfrew!and!Mineville!had!higher!relatedness!values!than!expected.!
Relatedness!values!are!higher!than!expected!if!the!colonies!were!formed!by!chance,!
yet!if!all!individuals!in!a!colony!were!related!we!would!expect!a!much!higher!
relatedness!value.!This!suggests!that!multiple!matrilines!are!roosting!together,!
instead!of!one!single!matriline.!For!nuclear!DNA!population!genetic!differentiation!to!
remain!at!the!level!found!in!this!study,!females!from!a!matriline!must!be!able!to!
mate!with!genetically!different!males.!This!is!most!likely!to!occur!at!swarming!sites,!
where!many!individuals!come!together!from!summering!areas!to!mate!followed!by!a!
period!of!hibernation!within!hibernacula.!!
! Bat!species!are!currently!facing!declines!due!to!2!factors,!a!fungal!pathogen!
and!wind!turbines!(Kunz!et'al.!2007;!Puechmaille!et'al.!2010).!The!fungal!pathogen,!
Pseudogymnoascus'destructans'has!already!caused!significant!regional!declines!in!
little!brown!bat!populations!in!the!northUeastern!United!States!with!a!high!
possibility!of!regional!extirpation!predicted!for!the!area!(Frick!et'al.!2010).!
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Characterization!of!the!movement!dynamics!of!the!little!brown!bat!at!a!regional!
scale!both!between!maternity!colonies,!and!within!the!population!as!a!whole!is!
important!as!the!spread!of!Pseudogymnoascus'destructans'is!facilitated!by!the!
movement!of!individuals!(Frick!et'al.!2010).!
! !A!low!global!nuclear!FST!suggests!that!females!within!a!maternity!colony!are!
mating!with!different!and!unrelated!males,!allowing!for!high!gene!flow.!Females!in!
one!colony!may!not!travel!to!the!same!swarming!site!and/or!hibernacula!with!the!
remaining!females!in!her!roost.!If!individuals!are!regularly!switching!roosts,!the!
movement!may!allow!for!the!transmission!of!fungal!spores!between!sites.!As!the!
fungus!requires!the!cold!temperature!of!the!hibernacula!for!growth,!the!effect!of!this!
movement!may!not!be!observed!until!swarming!behavior!and!hibernation.!If!
individuals!are!regularly!switching!swarming!sites!for!increased!access!to!mates,!
they!may!be!transferring!the!spores!between!sites.!!
! Recent!increases!in!the!number!of!wind!energy!farms!may!also!have!an!
impact!on!bat!species.!Since!2003,!the!reported!number!of!bat!fatalities!at!wind!
farms!in!North!America!has!dramatically!increased,!yet!this!number!could!be!an!
underUrepresentation!of!the!actual!fatalities!due!to!low!frequency!monitoring!and!
scavengers!at!the!sites!(Cryan!&!Barclay!2009).!!Bats!most!often!affected!by!wind!
turbines!are!longUrange!migratory!species,!such!as!hoary!(Lasiurus'cinereus),!silverU
haired!(Lasionycteris'noctivagans)'and!red!bats!(Lasiurus'boreali)s,!yet!little!brown!
bats!account!for!approximately!5%!of!wind!turbine!fatalities!reported!in!the!United!
States!(Kunz!et'al.!2007).!!It!is!known!that!some!fatalities!are!caused!by!the!rotating!
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blades!of!the!wind!turbines,!yet!the!reasons!is!currently!unknown!(Kunz!et'al.!2007;!
Arnett!et'al.!2008).!With!only!28%!of!the!pairwise!FST!values!showing!significance,!
this!is!an!indication!that!there!is!movement!between!the!remaining!roost!sites.!If!
wind!turbine!development!were!to!occur!in!the!movement!path!between!any!of!the!
roost!sites,!this!may!have!an!increased!risk!of!mortality!to!individuals.!
! Using!two!molecular!markers,!I!found!weak!population!level!structuring!at!
maternity!colonies!in!mainland!Nova!Scotia.!Mitochondrial!DNA!was!expected!to!
show!a!higher!level!of!structuring!and!clustering!than!that!of!nuclear!DNA.!
Mitochondrial!structuring!was!a!hundredfold!higher!than!that!of!nuclear!DNA!
structuring,!as!indicated!by!FST!values.!While!clustering!analysis!for!both!markers!
separated!the!colonies!into!1U2!genetic!clusters,!not!a!higher!level!of!mitochondrial!
DNA!clustering!than!nuclear!DNA!clustering.!These!patterns!are!consistent!with!a!
degree!of!female!philopatry!and!male!dispersal,!where!some!females!will!return!to!
their!natal!colonies!while!others!will!disperse.!This!is!also!supported!by!relatedness!
analysis!results,!where!on!average,!females!roosting!at!colonies!were!related!than!
expected!had!they!been!formed!by!chance.!!
!
! 32!
Reference2
!
Arnett!EB,!Brown!W,!Erickson!WP!et'al.!(2008)!Patterns!of!bat!fatalities!at!wind!
energy!facilities!in!North!America.!The'Journal'of'Wildlife'Management,!72,!61–
78.!
Blehert!DS,!Hicks!AC,!Behr!M!et'al.!(2009)!Bat!WhiteUNose!Syndrome:!An!Emerging!
Fungal!Pathogen?!Science,!323,!227–227.!
Burns!LE,!Broders!HG,!Frasier!TR!(2012)!Characterization!of!11!tetranucleotide!
microsatellite!loci!for!the!little!brown!bat!(Myotis'lucifugus)!based!on!in!silico!
genome!sequences.!Conservation'Genetics'Resources,!653–655.!
Castella!V,!Ruedi!M,!Excoffier!L!(2001)!Contrasted!patterns!of!mitochondrial!and!
nuclear!structure!among!nursery!colonies!of!the!bat!Myotis'myotis.!Journal'of'
Evolutionary'Biology,!14,!708–720.!
Chessel!D,!Dufour!A,!Thioulouse!J!(2004)!The!ade4!package!U!I!:!OneUtable!methods.!R'
news,!4,!5–10.!
Christal!J,!Whitehead!H,!Lettevall!E!(1998)!Sperm!whale!social!units:!variation!and!
change.!Canadian'Journal'of'Zoology,!76,!1431–1440.!
CluttonUBrock!TH!(1989)!Female!transfer!and!inbreeding!avoidance!in!social!
mammals.!Nature,!337,!70–72.!
CluttonUBrock!TH,!Lukas!D!(2012)!The!evolution!of!social!philopatry!and!dispersal!in!
female!mammals.!Molecular'Ecology,!21,!472–492.!
Cope!JB,!Humphrey!SR!(1977)!Spring!and!autumn!swarming!behavior!in!the!Indiana!
bat,!Myotis'sodalis.!Journal'of'mammalogy,!58,!93–95.!
Cryan!PM,!Barclay!RMR!(2009)!Causes!of!bat!fatalities!at!wind!turbines:!hypotheses!
and!predictions.!Journal'of'mammalogy,!90,!1330–1340.!
Davis!RW,!Whitaker!JO!Jr!(2002)!Population!studies!in!a!maternity!colony!of!little!
brown!bats!in!WestUCentral!Indiana.!Proceedings'of'the'Indiana'Academy'of'
Science,!111,!215–220.!
Detwiler!JT,!Bos!DH,!Minchella!DJ!(2010)!Revealing!the!secret!lives!of!cryptic!
species:!Examining!the!phylogenetic!relationships!of!echinostome!parasites!in!
North!America.!Molecular'Phylogenetics'and'Evolution,!55,!611–620.!
DeWoody!A!(2005)!Molecular!approaches!to!the!study!of!parentage,!relatedness,!
and!fitness:!practical!applications!for!wild!animals.!The'Journal'of'Wildlife'
Management,!69,!1400–1418.!
Dixon!MD!(2011)!Population!genetic!structure!and!natal!philopatry!in!the!
widespread!North!American!bat!Myotis'lucifugus.!Journal'of'mammalogy,!92,!
1343–1351.!
Dupanloup!I,!Schneider!S,!Excoffier!L!(2002)!A!simulated!annealing!approach!to!
define!the!genetic!structure!of!populations.!Molecular'Ecology,!11,!2571–2581.!
Excoffier!L,!Laval!G,!Schneider!S!(2005)!Arlequin!(version!3.0):!an!integrated!
software!package!for!population!genetics!data!analysis.!Evolutionary'
bioinformatics'online,!1,!47.!
Falush!D,!Stephens!M,!Pritchard!JK!(2007)!Inference!of!population!structure!using!
! 33!
multilocus!genotype!data:!dominant!markers!and!null!alleles.!Molecular'Ecology'
Notes,!7,!574–578.!
Fenton!MB!(1969)!Summer!activity!of'Myotis'lucifugus'(Chiroptera:!
Vespertilionidae)!at!hibernacula!in!Ontario!and!Quebec.!Canadian'Journal'of'
Zoology,!47,!597–602.!
Fenton!MB,!Barclay!RMR!(1980)!Myotis'lucifugus.!Mammalian'Species,!1–8.!
Frasier!TR!(2008)!STORM:!software!for!testing!hypotheses!of!relatedness!and!
mating!patterns.!Molecular'Ecology'Resources,!8,!1263–1266.!
Frick!WF,!Pollock!JF,!Hicks!AC!et'al.!(2010)!An!Emerging!Disease!Causes!Regional!
Population!Collapse!of!a!Common!North!American!Bat!Species.!Science,!329,!
679–682.!
Fumagalli!L,!Taberlet!P,!Favre!L,!Hausser!J!(1996)!Origin!and!evolution!of!
homologous!repeated!sequences!in!the!mitochondrial!DNA!control!region!of!
shrews.!Molecular'biology'and'evolution,!13,!31–46.!
Furmankiewicz!J,!Altringham!J!(2006)!Genetic!structure!in!a!swarming!brown!longU
eared!bat!(Plecotus'auritus)!population:!evidence!for!mating!at!swarming!sites.!
Conservation'Genetics,!8,!913–923.!
Gargas!A,!Trest!M,!Christensen!M,!Volk!T,!Blehert!D!(2009)!Geomyces'destructans!sp.!
nov.!associated!with!bat!whiteUnose!syndrome.!Mycotaxon,!108,!147–154.!
Glover!AM,!Altringham!JD!(2008)!Cave!selection!and!use!by!swarming!bat!species.!
Biological'Conservation,!141,!1493–1504.!
Greenwood!PJ!(1980)!Mating!systems,!philopatry!and!dispersal!in!birds!and!
mammals.!Animal'Behaviour,!28,!1140–1162.!
Hamilton!WD!(1964)!The!genetical!evolution!of!social!behaviour.!I.!Journal'of'
theoretical'biology,!7,!1–16.!
Hardy!OJ,!Vekemans!X!(2002)!SPAGeDi:!a!versatile!computer!program!to!analyse!
spatial!genetic!structure!at!the!individual!or!population!levels.!Molecular'Ecology'
Notes,!2,!618–620.!
Hedrick!PW!(2001)!Conservation!genetics:!where!are!we!now?!Trends'in'Ecology'&'
Evolution,!16,!629–636.!
Huelsenbeck!JP,!Andolfatto!P,!Huelsenbeck!ET!(2011)!Structurama:!bayesian!
inference!of!population!structure.!Evol'Bioinform'Online,!7,!55–59.!
Kalinowski!ST!(2004)!Do!polymorphic!loci!require!large!sample!sizes!to!estimate!
genetic!distances?!Heredity,!94,!33–36.!
Kalinowski!ST,!Taper!ML,!Marshall!TC!(2007)!Revising!how!the!computer!program!
CERVUS!accommodates!genotyping!error!increases!success!in!paternity!
assignment.!Molecular'Ecology,!16,!1099–1106.!
Keane!TM,!Creevey!CJ,!Pentony!MM,!Naughton!TJ,!Mclnerney!JO!(2006)!Assessment!
of!methods!for!amino!acid!matrix!selection!and!their!use!on!empirical!data!
shows!that!ad!hoc!assumptions!for!choice!of!matrix!are!not!justified.!BMC'
Evolutionary'Biology,!6,!29.!
Kerth!G,!Mayer!F!(2000)!Mitochondrial!DNA!(mtDNA)!reveals!that!female!
Bechstein's!bats!live!in!closed!societies.!Molecular'Ecology,!9,!793–800.!
Kerth!G,!Van!Schaik!J!(2011)!Causes!and!consequences!of!living!in!closed!societies:!
lessons!from!a!longUterm!socioUgenetic!study!on!Bechstein’s!bats.!Molecular'
! 34!
Ecology,!21,!633–646.!
Kerth!G,!Kiefer!A,!Trappmann!C,!Weishaar!M!(2003)!High!gene!diversity!at!swarming!
sites!suggest!hot!spots!for!gene!flow!in!the!endangered!Bechstein's!bat.!
Conservation'Genetics,!4,!491–499.!
Kokko!H,!LópezUSepulcre!A!(2006)!From!individual!dispersal!to!species!ranges:!
perspectives!for!a!changing!world.!Science,!313,!789–791.!
Kunz!TH,!Arnett!EB,!Erickson!WP!et'al.!(2007)!Ecological!impacts!of!wind!energy!
development!on!bats:!questions,!research!needs,!and!hypotheses.!Frontiers'in'
Ecology'and'the'Environment,!5,!315–324.!
Kunz!TH,!Braun!de!Torrez!E,!Bauer!D,!Lobova!T,!Fleming!TH!(2011)!Ecosystem!
services!provided!by!bats.!Annals'of'the'New'York'Academy'of'Sciences,!1223,!1–
38.!
Larkin!MA,!Blackshields!G,!Brown!NP!et'al.!(2007)!Clustal!W!and!Clustal!X!version!
2.0.!Bioinformatics,!23,!2947–2948.!
Lewis!SE!(1995)!Roost!fidelity!of!bats:!a!review.!Journal'of'mammalogy,!76,!481–
496.!
Lunt!DH,!Whipple!LE,!Hyman!BC!(1998)!Mitochondrial!DNA!variable!number!
tandem!repeats!(VNTRs):!utility!and!problems!in!molecular!ecology.!Molecular'
Ecology,!7,!1441–1455.!
Matthiopoulos!J,!Harwood!J,!Thomas!L!(2005)!Metapopulation!consequences!of!site!
fidelity!for!colonially!breeding!mammals!and!birds.!Journal'of'Animal'Ecology,!
74,!716–727.!
McCann!TS!(1980)!Population!structure!and!social!organization!of!southern!
elephant!seals,!Mirounga'leonina!(L.).!Biological'Journal'of'the'Linnean'Society,!
14,!133–150.!
Nagy!M,!Heckel!G,!Voigt!CC,!Mayer!F!(2007)!FemaleUbiased!dispersal!and!patrilocal!
kin!groups!in!a!mammal!with!resourceUdefence!polygyny.!Proceedings'of'the'
Royal'Society'B:'Biological'Sciences,!274,!3019–3025.!
Norquay!KJO,!MartinezUNuñez!F,!Dubois!JE,!Monson!KM,!Willis!CKR!(2013)!LongU
distance!movements!of!little!brown!bats!(Myotis'lucifugus).!Journal'of'
mammalogy,!94,!506–515.!
Pearl!DL,!Fenton!MB!(1996)!Can!echolocation!calls!provide!information!about!group!
identity!in!the!little!brown!bat!(Myotis'lucifugus)?!Canadian'Journal'of'Zoology,!
74,!2184–2192.!
Perrin!N,!Mazalov!V!(2000)!Local!Competition,!Inbreeding,!and!the!Evolution!of!SexU
Biased!Dispersal.!The'American'Naturalist,!155,!116–127.!
Podlutsky!AJ,!Khritankov!AM,!Ovodov!ND,!Austad!SN!(2005)!A!new!field!record!for!
bat!longevity.!The'journals'of'gerontology.'Series'A,'Biological'sciences'and'
medical'sciences,!60,!1366–1368.!
Pritchard!JK,!Stephens!M,!Donnelly!P!(2000)!Inference!of!population!structure!using!
multilocus!genotype!data.!Genetics,!155,!945–959.!
Puechmaille!SJ,!Verdeyroux!P,!Fuller!H!et'al.!(2010)!WhiteUNose!Syndrome!Fungus!
(Geomyces'destructans)!in!Bat,!France.!Emerging'Infectious'Diseases,!16,!290–
293.!
Pusey!A,!Wolf!M!(1996)!Inbreeding!avoidance!in!animals.!Trends'in'Ecology'&'
! 35!
Evolution,!11,!201–206.!
R!Core!Team!(2012)!R:!A!language!and!environment!for!statistical!computing.!rU
project.org,!Vienna,&Austria.!
Raymond!M,!Rousset!F!(1995)!GENEPOP!(version!1.2):!population!genetics!software!
for!exact!tests!and!ecumenicism.!Journal'of'heredity,!86,!248–249.!
Rokas!A,!Ladoukakis!E,!Zouros!E!(2003)!Animal!mitochondrial!DNA!recombination!
revisited.!Trends'in'Ecology'&'Evolution,!18,!411–417.!
Rossiter!SJ,!Zubaid!A,!MohdUAdnan!A!et'al.!(2011)!Social!organization!and!genetic!
structure:!insights!from!codistributed!bat!populations.!Molecular'Ecology,!21,!
647–661.!
Rossiter!S,!Jones!G,!Ransome!R,!Barratt!E!(2002)!Relatedness!structure!and!kinU
biased!foraging!in!the!greater!horseshoe!bat!(Rhinolophus'ferrumequinum).!
Behavioral'Ecology'and'Sociobiology,!51,!510–518.!
Rousset!F!(2008)!GENEPOP'007:!a!complete!reUimplementation!of!the!genepop!
software!for!Windows!and!Linux.!Molecular'Ecology'Resources,!8,!103–106.!
Sambrook!J,!Russell!DW!(2000)!Molecular'Cloning:'A'Laboratory'Manual.!Cold!
Springs!Harbor!Laboratory!Press.!
Seutin!G,!White!BN,!Boag!PT!(1991)!Preservation!of!avian!blood!and!tissue!samples!
for!DNA!analyses.!Canadian'Journal'of'Zoology,!69,!82–90.!
Slatkin!M!(1995)!A!measure!of!population!subdivision!based!on!microsatellite!allele!
frequencies.!Genetics,!139,!457–462.!
Thomas!D,!Fenton!MB,!Barclay!R!(1979)!Social!behavior!of!the!little!brown!bat,!
Myotis'lucifugus.!Behavioral'Ecology'and'Sociobiology,!6,!129–136.!
Villesen!P!(2007)!FaBox:!an!online!toolbox!for!fasta!sequences.!Molecular'Ecology'
Notes,!7,!965–968.!
Vonhof!MJ,!Strobeck!C,!Fenton!MB!(2008)!Genetic!variation!and!population!structure!
in!big!brown!bats!(Eptesicus!fuscus):!is!female!dispersal!important?!Journal'of'
mammalogy,!89,!1411–1419.!
Weir!BS,!Cockerham!CC!(1984)!Estimating!FUstatistics!for!the!analysis!of!population!
structure.!Evolution,!38,!1358–1370.!
Worthington!Wilmer!J,!Barratt!E!(1996)!A!nonUlethal!method!of!tissue!sampling!for!
genetic!studies!of!chiropterans.!Bat'Research'News,!37,!1–4.!
Zeveloff!SI,!Boyce!MS!(1980)!Parental!investment!and!mating!systems!in!mammals.!
Evolution,!34,!973–982.!
!
